Background
Poor nutrition during childhood impedes physical and mental development of children, which propagates the vicious cycle of intergenerational under nutrition. The developing world generally and Sub-Saharan African countries are experiencing momentous socio-demographic, economic, and nutritional transitions. These transitions are predictors of continued, highly prevalent stunting. Stunting is a public health concern that increases morbidity and mortality worldwide. It is higher in low-and middle-income countries (LMICs). 1 Every day stunting increases physiological, psychological and social consequences that lessen the quality of life nationally and societally. 2 Researchers have demonstrated how nutrients relate to health and disease, and have explored why people choose particular foods and types of diet [3] [4] [5] [6] and have
shown that nutrition is central to promoting health and development. 7 Protein-energy malnutrition refers to the measure of stunting, wasting or both. Stunting refers to linear growth retardation resulting from long-term chronic under nutrition manifesting as faltering growth. 8 Wasting is defined as the tendency to be too thin for one's height, sometimes called weight-for-height. 9 Malnutrition is an obstacle to socio-economic development due to its harmful effects on gross domestic product (GDP). In most countries, several synergies are needed to overcome the outcomes of malnutrition which jeopardize the health of children. 10 For example, recent studies have found that as we strive to minimize under 5 malnutrition, another nutritional problem, obesity, has emerged which in combination with under nutrition, is referred to as the double burden effect of malnutrition and needs to be considered in the development plans of all economies. 11 In 2008, the World Bank (WB) noted that a county cannot be considered industrialized if stunting rates are above 30%. 9 Global statistics on stunting are alarming with the substantial impact being felt in Asian countries where 87 million under 5 children are stunted. 12 One in three children in Africa is stunted; as of 2016, 59 million children in Africa are stunted with the highest rate in East African at 36.7%. 13 In November 2014, the International Conference on Nutrition, jointly organized by the Food and Agriculture Organization of the United Nations and WHO, announced the Rome Declaration on Nutrition which indicated different preventive measures for all forms of malnutrition including stunting. The global resolution on stunting and its devastating effect on human development are the first of its kind and is now used in African countries as an appropriate approach to prevent stunting. 14 The previous study conducted in Tanzania revealed that maternal education, mother's age at birth, water supply and other factors were associated with stunting. 5 These results were confirmed in other studies. 6, 7 A child whose mother works as a merchant or a farmer is more likely to be stunted than one whose mother works as a housewife. It has been documented that this is due to decreased contact time between child and mother, limited exclusive breastfeeding, early cessation of breastfeeding, bottle feeding usage, and untimely introduction of complementary food.
Certainly, stunting was found to be higher among children who exclusively breastfed for less or higher than 6 months of ages compared with those who exclusively breastfed for 6 months. 11, 15, 16 Inappropriate timing for the introduction of some kinds of complementary food may affect a child's nutritional status because his/her digestive and immune systems are not yet mature. Introducing supplementary food earlier, especially under unhygienic conditions, could be an important cause of malnutrition. 16, 17 Another study confirmed that feeding complementary food using a bottle or by hand both increase the risk of stunting among children. 18 Antenatal care is an important determinant of child under nutrition. Through this period, the pregnant are provided the health education based on nutrition that influence the health of child; therefore, proper nutrition for mothers during the prenatal and postnatal period is essential in order to improve child growth. 11, 19 Several factors contribute to stunting; key among them are nutritional deprivation or adverse fetal environment during pregnancy, poor quality diets during the complementary feeding period and frequent infections. Stunting has origins in the fetal stages. Surveys on the causes of stunting have shown that stunting peaks during complementary feeding periods. This period also coincides with frequent infections as children are no longer exclusively breastfed. 6, 19 Stunted children may suffer irreversible brain damages due to lack of iodine and iron which prevents them from reaching their full potential. 12, 13, 20 Stunted children face many disabilities such as learning deficiencies which affect their productivity for economic prosperity. 9 In addition, stunted children are more likely to be obese adults and suffer the risk of nutrition-related non-communicable diseases referred to as the double burden of malnutrition. 6 Poor linear growth, or stunting (<2 SD length/height for age), is an appropriate proxy for children's general health and nutritional well-being. Stunting is considered to be the outcome of a multifaceted combination of proximal and distal biological and socio-environmental influences.
2,4,21 Sustainable Development Goal (SDG) number 2 aims to limit stunting in under-5 children: targets 2.1 and 2.2, aspire to end malnutrition and hunger, are specifically intended to be achieved by 2025. 4 This makes our study important as it will shed light on areas that need improvement in other parts of the world like Rwanda by looking at comparative risk factors for stunting in the Eastern and Western provinces of the country. Stunting in Rwandan children under 5 years of age is a serious health issue that is still being discussed. However, the strategic measures taken for its prevention in 2010 reported that 21.9% of mortality among children in Rwanda was related to under nutrition. 19 The government of Rwanda has made efforts to limit stunting rates through There is also variation of cross-sectional studies regarding the underlying the risk factors associated with childhood stunting. We conducted this study after finding that the stunting is the serious public health concern among the children of Eastern and Western provinces of Rwanda and there was no study conducted for discovering its risk factors associated. The main rationale of this study is discovering the risk factors associated with the stunting in these two provinces. Basing on the results, we disseminate the findings and then provide the appropriate recommendations to the policy makers for reducing the risk factors and promote health of the children. However, to the best of our knowledge, there is no study has been done to identify factors associated with stunting in Eastern and western provinces on children under 5 years old in Rwanda. Therefore, the present study aims to determine the risk factors for stunting among children 5 years old in both Eastern and Western provinces of Rwanda.
Methods

Study Setting
Rwanda is located in East Africa and has a population of about 10.5 million. It is a land-locked country of 26,338 km. 2 
Study Design
An analytical cross-sectional study was conducted using secondary data from the Rwanda Demographic Health Survey (RDHS) 2014/2015 to compare risk factors for stunting among children under five in the Eastern and Western provinces.
Target Population
The target population was children under five from the Eastern and Western provinces of Rwanda during the period 2011 to 2015. The study included children whose mothers were interviewed and whose anthropometric measurements were taken. Children whose mothers were pregnant or who had given birth in the preceding 2 months were not included. Children who did not fit the inclusion criteria were excluded from the study. The study randomly selected children aged 6-59 months and their mothers or care givers living in the selected provinces. ) of children was used and expressed weight, height and BMI as z-scores using age and sex-specific references. Weight, height and BMI z-scores were calculated using the 2006 WHO Child Growth Standards. Children with weight-for-age-z-score <-2 were considered to be underweight, those with height-for-age-z-score <-2 were considered to be stunted, and those with BMI-z-score >+1, >+2, >+3 as at risk, overweight and obese, respectively. The people at-risk category (BMI-z-score >+1 and ≤+2SD) was presented for children younger than 5 years. Biologically implausible values were identified and discarded using cut-off points from the WHO Anthro software (version 3.2.2, January 2011) for the Child Growth Standards (grow-up).
Ethical Consideration
Potential Risk Factors
In this study, the ecological model of childhood obesity included the potential risk factors associated with childhood malnutrition. These factors were categorized into child, parental, household and community factors that were the determinants of stunting for children. The child factors consisted of child's age (2.0-2.9, 3.0-3.9, and 4.0-4.9 years), sex, diarrhea in the 2 weeks before survey, anemia level, anthropometry (birth weight [low, healthy, and high birth weight], current weight and height), and nutrition history (ever breastfed, age of weaning [cessation of breastfeeding], and age of starting complementary foods [less or equal to/more than 6 months]). The parental and household factors included parental age, months when pregnancy ended, parental education, parental occupation, marital status, giving food in the first 3 days of life (milk, liquid, eggs, plain water and gripe water), anthropometry (weight and height) and maternal antenatal care history (ever/never had check-up during pregnancy).
The household factors of stunting comprised parental education, number of children under five in the household, who the child lives with, household wealth index, access to electricity, access to toilet facilities, and cooking facilities. The household wealth index comprised the ranking for all households across the survey which was conducted nationwide. The index variable was categorized into five quintiles: poorest, poorer, middle, richer and richest). The community factors of stunting included residence, religion and child play with household objects.
Data Collection And Sampling Technique
Concerning the sampling techniques used in the current study, sampling frame was used in this study where we used it in the current study. The sampling frame consisted of the list of enumeration areas (EAs) that enclosed the whole country, provided by the National Institute of Statistics of Rwanda (NISR), the implementing agency for the RDHS 2014-15. The EA refers to a natural village formed for the RPHC 2012 which served as a counting unit for the census conducted in Rwanda. In this study, each EA had the identification information of the participants, administrative belongings and a measure of size which is the number of residential households residing in each EA. It is in that regard, we classified all EAs using the types of the residence including urban and rural areas. Within this study, we used both stratified sampling that helped us to select Eastern and Western provinces that were considered as the strata. In addition to this sampling method, sampling weights were also used. We extracted data for the Eastern and Western provinces after obtaining information on stunting for the whole of Rwanda. This helped the researchers to ensure the actual representative of the survey results at provincial level. Since the RDHS sample is a two-stage stratified cluster sample, sampling weights were calculated based on sampling probabilities separately for each sampling stage and for each cluster. 22 The eligible households with children under five were included in the present study. Measurement tools like the SECA scale were used to check the weight of children that had mostly been estimated by parents and a short measuring board was used to measure children's height. All measures were developed from the United Nations Children's Emergency Fund (UNICEF) Standards and measurements were taken according to the WHO 2006 standards. The outcome variables were anthropometric determinants including height and age.
Data Analysis
In the present study, data were analyzed using STATA version 13. Arc GIS version 11.0 was used to design the map that represented the study area. Both descriptive and analytical analyses were computed. Children's weight, antenatal care, post-natal care, height and BMI within each wave were described using means and standard deviations. Univariate and multivariate logistic regression analyses were performed. In the multivariable model, a staged modeling technique was employed. Descriptive and analytical analyses were also performed.
In the first modeling stage, community factors were first entered into the model to assess their associations with stunting. A manually executed backward elimination method was used to select factors significantly associated with stunting. In the second model, the significant factors from the first stage were added to parental and household factors and this was followed by the backward elimination procedure. An analogous tactic was used for the child factors in the third stage. A staged stepwise regression was executed to avoid the degree of correlation between the significant predictors. It was also used to produce better models and a better understanding of the data and produce the best estimation for the current study and was important to avoid reporting redundant predictors. The stepwise regression went from the most distal set of community factors to the most proximate set of child factors, because the child is a subset of the community and any future population health intervention would start at the community level and work towards the individual level. To avoid statistical bias, collinearity was tested and reported in the final model. The odds ratios with 95% confidence interval (CIs) were calculated for assessing the adjusted risk of explanatory factors, and those with p < 0.05 were retained in the final model of the study. The Chi-square test was performed for examining the association between stunting and socio-demographic data in Eastern and Western provinces of Rwanda. The researchers that participated in the RDHS 2014/15 were not involved in the present study and we did not make any efforts to identify the study participants.
Results
Descriptive Analysis For Stunting Factors In The Eastern And Western Provinces
Of the 1905 children screened from the Eastern and Western provinces, 47.93% (n=913) were female and 52.07% (n=992) were male. Among these children, 84.41% (n=1608) lived in rural areas while 15.59% (n=297) lived in urban areas. Of the screened children, 50.45% (n=961) were from the Eastern province and 49.55% (n=944) from the Western province. The average age of participants' mothers at their first birth was around 21.2 years (SD 3.3, min=12, max=49). The 15.11% and 20.6% of the mothers of the recruited children had received no education in both provinces, respectively. The average age of the participants was 36.79 months (SD=7.4; min=15 & max=49). Moreover, the household wealth index for each child was screened and classified as follow: poorest 25.88% (n=493), poorer 23.94% (n=456), middle 20.58% (n=392), richer 17.69% (n=337), and richest 11.92% (n=229). Of the screened children, 55.22% (n=1052) came from 5 to 8 member families, 38.95% (n=742) from 1 to 4 member families, and 5.83% (n=111) from 9 to 13 member families. The mothers of 27.98% (n=5330), of the children were aged 30-34, 25.88% (n=498) of them were aged 25-29 years while who were aged 15-19 and 2.05% (n=39) were aged 45-49. Of the participant households, 81.89% (n=1560) were headed by men and 18.11% (n=343) by women. A total of 1388 children were assessed for being given milk 3 days after birth (other than breast milk). We found that 98.20% (n=1363) were not given milk three days after birth and 1.8% (n=25) were. Among the total study population, we found 86.77% (n=1653) are stunted and 13.23% (n= 252) are not [ Table 1 ].
The bivariate analysis indicated that the stunted children born to women aged [25] [26] [27] [28] [29] Table 3 ].
The results about the household wealth index of stunted children in the Eastern and Western provinces indicated the majority (33.21%) of the stunted children were born to the poorest in Western province while in Eastern province the majority (24.22%) of stunted children were born to the poorer households. But the stunting among children was lowly prevalent in the richest households (10.74% versus 12.47%). Of the stunted children in the Eastern and Western provinces, the majority of stunted children under 5 years (73.38% versus 70.70%) were born to the mother with primary education. This was followed by the prevalence of 15.11% versus 20.63% of the stunting among the children born to the illiterate women. Among the participants, 42.54% were aged 0-23 months, 20.23% aged 24-36 months, 20.85% aged 36-48 months and 16.39% aged 48-60 months. Of the total-stunted children, the majority, 42.8% were aged less than 24 months, 20.17% were 2-2.9 years, 20.82% were 3-3.9 years and 16.4% were 4-5 years. The younger the age group, the Table 2 ]. The results indicated a significant association between stunting and residence 
Multiple Logistic Regression Estimates Of The Effect Of The Explanatory Variables On Stunting
The adjusted odds ratios for all identified potential risk factors for stunting in the Eastern and Western provinces. The multivariate analysis yielded similar results for the Notes: *Significant at 5%; **Significant at 1%; ***Significant at 0.1%; unmarked are not significant. two forms of under nutrition: stunting and underweight. In the final model, the factors related to the higher probability of being stunted and underweight were lower birth weight (<2.5 kg), being breastfed for 6 months or more, having a mother or father who was underweight or had short stature, and having a mother who had never attended formal education. The only difference between the two was that the probability of being stunted was also higher when a child lived in a rural area. Children had a greater probability of being at risk, or overweight/obese when they were in the youngest age group (2-2.9 years), were male, had a mother and father who was overweight/ obese or had a father who had attended university [ Table 3 ]. Notes: *Significant at 5%; **Significant at 1%; ***Significant at 0.1%; unmarked are not significant.
After adjusting for stunting in the model, at 95% CI and 0.03 of significance level, the analysis showed that male children were 1.08 (1.057-1.093) times more likely to be stunted than female children under 5 years. The risk for children aged 0-23months, 24-35months and 36-60months was OR [2.697 (2.654-2.739), 2.7 (2.658-2.742) and 2.678 (2.632-2.723)], respectively. Children from the poorest families had a higher risk of being stunted compared to other wealth groups. Children from the richest families were 0.386 (0.357-0.414) less at risk of being stunted than children from the poorest families. Children who were breastfed were less at risk to be stunted 0.02 (0.004-0.036) than children who are not breastfed [ 
Discussion
In this study, we noted that the educational status of mothers, family size and occupation of mother were significantly associated with stunting. In the multivariable logistic regression analysis, having a mother with no-formal education was associated with stunting. The results revealed these children born to illiterate mothers had a higher risk of stunting than those whose mothers studied at primary (OR=0.365), secondary (OR=0.337) or university level (OR=0.34). Mother's occupation was significantly associated with stunting. The results confirmed that children whose mothers were skilled worker, professional worker or self-employed were less likely to be stunted than children whose mothers had other occupations. These results also showed that children with unemployed mothers were more likely to be stunted than those whose mothers were employed. The findings showed that children over the age of 24 months were at significantly higher risk of stunting than children in other age groups.
Compared with children aged 0-24 months, the risk of stunting was more than two times higher for children in all other age groups. The logistic model showed that the likelihood of being stunted was highest for the age groups 24-35 months, 36-47 months and 48-60 months while the lowest was observed for age group 0-24 months.
Children who were breastfed were 0.02 less likely to be stunted than children who were not breastfed. These findings accorded with previous studies that showed that children who are not breastfed are more likely to become stunted than children who are.7 Children who were given food such as plain water, gripe water, liquid and fortified food in the first 6 months after birth were more likely to become stunted than children who were only given milk or who were breastfed. These findings accorded with previous studies that indicated that children who started eating solid food before 6 months were more likely to become stunted than those who only had milk or were breastfed. 23 Children whose mothers had moderate and mild maternal anemia were less likely to be stunted compared than children whose mothers had severe anemia and those mothers with no anemia. The current results were similar to previous findings indicating that maternal malaria, underweight, anemia and biomass fuel use are risk factors for stunting. 7, 24 Male children were 1.08 times as likely to be stunted as female children. These results support previous studies that indicated that the males are more likely to become stunted than females. 25 Wealth index was found to be an important risk factor for stunting. Children from the poorest household were highly likely to be stunted compared to the children from the poorer, middle, richer, and richest families. 26 This study found that stunting was higher in rural settings than in urban settings in the two provinces. This was similar to previous studies showing rural area as a significant risk factor. 6, 8 We found that children whose mothers were in the middle age group (25-34) were more likely to be stunted than those with young mothers (under 25). However, the findings are contrary to those of a Tanzanian study where stunting was associated with young maternal age (under 25 years). These findings were similar to the previous studies conducted in Tanzania and indicated that the children born in rural residence had higher risk to become stunted compared to those born in an urban area. 1, 27 Our study showed that children whose mothers had higher education levels were less likely to be stunted than those whose mothers had no education or no education beyond preschool. However, this may be explained by the better earning power of an educated woman compared to one who has little or no education and thus more capacity to meet the nutritional needs of her families. These findings also accord with the Tanzanian study which found that children under 5 years whose mothers are illiterate are at higher risk of stunting than those with educated mothers. 27 This study revealed that early introduction of complementary food was not a significant factor for stunting in the either province which was contrary to the findings of some previous studies which indicated that inappropriate timing of the introduction of complementary food to a child affected the nutritional status of children because their digestive and immune systems were not yet mature. 16, 17 Education level and sex of household head were contributory factors in the Eastern and Western provinces. These findings were relevant to other studies. 3 The study found that leaving child alone for more than an hour in the previous week was a contributory factor for stunting in both Eastern and Western provinces. In addition, sharing toilet facilities was found to be a significant predictor for stunting in the Western province. Despite its prediction for stunting, we were unable to find the reason for its significance. The study data had some limitations. Firstly, there were missing values such as age at which the child ceased breastfeeding, accompanied by many confounding factors. Secondly, the fact that data for the study were collected 4 years previously posed a drawback to this study. Regardless of the limitations, however, it was possible to indicate the risk factors of stunting in the Eastern and Western Provinces of Rwanda, multivariate linear regressions or adjusted for all missing confounders, presented which factors contributed most significantly to stunting.
Conclusion
The stunting is a serious public health concern associated with various factors including poor socio-demographic factors in Rwanda. The foremost factors of stunting among children under 5 years old in Eastern and Western provinces of Rwanda were inadequate nutrition, child sex, child-age, residence, maternal education, source of drinking water, maternal age, maternal occupation, duration of breastfeeding, household wealth index and sharing toilets. The factors associated with childhood stunting were multifactorial and interdependent.
There is a need for effective strategies to prevent and treat stunting in both Eastern and Western provinces of Rwanda. The health strategies like Community-based Interventions are mostly needed for managing the risk factors of stunting. The multidisciplinary approach that includes both national and international health institutions are certainly needed to be reinforced for lessening the burden of stunting among children under 5 years. The Rwandan government is recommended to keep empowering and encouraging health facilities to provide health education to pregnant and non-pregnant women about how to behave for reducing and adjusting stunting among children. The further researcher should be carried out to explore the biological and psychosocial effects of stunting on the children under five, their families, communities and the country. The other further study should be carried out for understanding the effect of childhood stunting and malnutrition on children's epistemological and cognitive development in Rwanda. The other recommended further research should be carried out among the children under 5 years for comparing the risk factors for stunting between the Rwandan provinces.
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